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PURPOSE:To prevent pollution inside an apparatus, 
degradation of heating efficiency thereof, and to improve 
corrosion resistance and thermal impact resistance by 
forming a resistance heating element inside a disk silicon 
nitride sintered body. 

CONSTITUTION:lnside a disk silicon nitride sintered body 2, 
a film like resistance heating element 3 made of metal, which 
has a melting point higher than the sintering temperature of 
the sintered body 2, is formed by printing. At that time^ the 
resistance heating element 3 can also be provided as 
multiple layers. By providing the metallic film resistance 
heating element 3 having a melting point higher than the 
sintering temperature of the silicon nitride sintered body 2, 
generation of pollution from impurity is prevented, corrosion 
resistance and thermal impact resistance are improved, 
dispersion of products due to temperature distribution, delays 
of response speed and temperature rising speed are 
overcome. 
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[Claims] 

[Claim 1] 

A board-like ceramic heater comprising: 

a board-like silicon-nitride sintered compact; and 
a film-like resistance heating element which consists of 
a metal which is formed by printing, in the board-like 
silicon-nitride sintered compact , and has a higher melting point 
than the sintering temperature of the above-mentioned 
silicon-nitride sintered compact, 

which is characterized in that: 

two or more kinds of rare earth oxides chosen from the 
group which consists of Yb203, ErzOa, Y2O3, TmaOa, and LU2O3 is 
contained in the above-mentioned silicon-nitride sintered 
compact ; 

one kind of the rare earth oxides occupies 50-mol % to 
95-mol % among the total additions of a rare earth oxide; 

another rare earth oxides occupies 50-mol % to 95-mol % 
among the total additions of a rare earth oxide; and 

the ratios of the molar quantity of a rare earth oxide 
to the molar quantity of Si02, which is obtained by converting 
the amount of the oxygen (except for the oxidation introduced 
from a rare earth oxide) contained in the above-mentioned 
silicon-nitride sintered compact into Si02, are 0.4 to 1.3, 
[Claim 2] 

The manufacture method of a board-like ceramic heater 
comprising: 

the process of producing a board-like silicon-nitride 
formed body; 

the printing process which prints the resistance heating 
element paste containing the metal powder which has a higher 
melting point than the sintering temperature of this 
silicon-nitride formed body on the surface face of this 
board-like silicon-nitride formed body; 

the process of producing the board-like silicon-nitride 
heater formed body by covering at least the front-face side of 
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the above-mentioned board-like silicon-nitride formed body by 
the silicon-nitride forming material; and 

the sintering process which sinters this silicon-nitride 
heater formed body by hot pressing, 

the method in characterized in that 

preparation of the above-mentioned board-like 
silicon-nitride formed body and the . above-mentioned 
silicon-nitride forming material are carried out to contain 
two or more kinds of rare earth oxides chosen from the group 
which consists of Yb 2O3, ErsOa, Y2O3, TmzOa, and LU2O3 in such 
a manner that: 

one kind of a rare earth oxide occupies 50-mol % to 95-mol % 
among the total additions of a rare earth oxide, another rare 
earth oxides occupy 50-mol % to 5-mol %; and 

the ratio of the molar quantity of a rare earth oxide to 
the molar quantity of SiOa, which is obtained by converting the 
amount of the oxygen (except for the oxidation introduced from 
a rare earth oxide) contained in the above-mentioned post- 
sintered silicon-nitride sintered compact into SiOa, be set to 
0.4 to 1.3. 

[Detailed Description of the Invention] 

(Field of the Invention) 

The present invention relates to the board-like ceramic 
heater which can be used suitable for semiconductor fabrication 
equipment and the like, and its manufacture method. 

(Conventional technique and conventional problems) 

The heating temperature at the time of the high-temperature 
processing needed for semiconductor manufacture is in several 
hundreds to 1000 °C range. As high temperature processing, 
oxidation diffusion, thin film formation, an annealing, a 
gettering, a sintering, and the like can be listed. 
With the equipment for semiconductor manufacture which requires 
a super clean state, corrosive gases, such as chlorine system 
gas and fluorine system gas, are used as the gas for deposition, 
the gas for etching, and gas for cleaning. For this reason, if 
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the conventional heater which covered the surface face of a 
resistance heating element with metals such as a stainless steel 
and an Inconel, is used as a heating apparatus for heating a 
wafer in the condition that the wafer is contacting with these 
corrosive gases, undesirable particles with a grain sizes of 
several /im such as a chloride, an oxide, and a fluoride will 
be generated by exposure to these gas. 

For this reason, the problem such as impurity contamination and 
corrosion resistance occurs. 

Then, the wafer heating apparatus of the indirect heating 
method is developed wherein: an infrared lamp is installed at 
the outside of the container exposed to the gas for deposition 
and the like, an infrared transmission aperture is equipped in 
a container outer wall, an infrared radiation is radiated to 
the heated body which consists of the quality of the material 
with good corrosion resistance, such as graphite, so as to heat 
the wafer put on the upper surface of the heated body. 

However, the indirect heating method has such a problem 
as that: as compared with a direct heating system, a heat loss 
is large; temperature rise takes time; and the transmission of 
an infrared radiation is gradually barred by adhesion of the 
CVD film to an infrared transmission aperture, then heat 
absorption arises at the infrared transmission aperture, and 
an aperture generates heat. 

Furthermore, the so-called high-frequency-heatingmethod 
is known. However, by this method, a temperature control is 
difficult and the temperature uniformity of the wafer heating 
region can not be obtained. 
(Process which leads to the invention) 

In order to solve the above-mentioned problem, inventors 
of the present invention embed the spiral resistance heating 
element in the disk-like dense-natured ceramics to newly obtain 
a ceramic heater, and examined the heating apparatus wherein 
this ceramic heater is retained in the case of graphite. 
As a result, it is realized that this heating apparatus is the 
extremely excellent equipment which swept away the above 



3 



mentioned troubles . However, when this ceramic heater was used 
for actual semiconductor equipment, it turns out that a new 
problem arises. That is, since the ceramic heater embed a spiral 
resistance heating element inside a ceramic formed body, and 
is baked by hot pressing, rigidity needed to be given to the 
resistance heating element and the ceramic formed body, in order 
to prevent disconnection of the resistance heating element at 
the time of a press. For this reason, the wire diameter of a 
linear resistance heating element and thickness of a disk-like 
ceramic formed body needed to be enlarged to some extent, thus, 
the thickness was not able to be made small while forming a fine 
heating element pattern. 

For this reason, a resistance heating element tended to 
be distorted at the time of a press forming , and resistance heating 
element configurations differed for each product, and the 
variation in a temperature distribution was large. Moreover, 
when the resistance heating element was embedded also in the 
periphery section of a ceramic formed body, the crack and the 
rupture occurred in this formed body. 

Furthermore, from the above limitation, thickness of a 
heater was not able to be made small in order to lower the heat 
capacity, and calorific power could not be enlarged, and thus 
the response to surface-temperature change is slow, and 
temperature increasing rate was slow. Therefore, the 
productivity of a semiconductor was not able to be raised in 
this point. 

(A problem to be solved by the invention) 

The subject of the present invention is to provide : the 
ceramic heater which does not produce impurity contamination, 
which is excellent in corrosion resistance and a thermal shock 
resistance, and can overcome the variation for every product 
of a temperature distribution, the lateness of response speed, 
and a temperature rising rate; and the manufacture method 
thereof. 

(Means for solving a subject) 

The present invention relates to a board-like ceramic 



4 



I 



heater comprising: 

a board-like silicon-nitride sintered compact; and 
a film-like resistance heating element which consists of 
a metal which is formed by printing, in the board-like 
silicon-nitride sintered compact , and has a higher melting point 
than the sintering temperature of the above-mentioned 
silicon-nitride sintered compact, 

which is characterized in that: 

two or more kinds of rare earth oxides chosen from the 
group which consists of Yb203, Er203, Y2O3, Tm203 , and LU2O3 is 
contained in the above-mentioned silicon-nitride sintered 
compact ; 

one kind of the rare earth oxides occupies 50-mol % to 
95-mol % among the total additions of a rare earth oxide; 

another rare earth oxides occupies 50-mol % to 95-mol % 
among the total additions of a rare earth oxide; and 
the ratios of the molar quantity of a rare earth oxide to the 
molar quantity of Si02 , which is obtained by converting the amount 
of the oxygen (except for the oxidation introduced from a rare 
earth oxide) contained in the above-mentioned silicon-nitride 
sintered compact into Si02, are 0.4 to 1.3. 

Also , the present invention relates to a manufacture method 
of a board-like ceramic heater comprising: 

the process of producing a board-like silicon-nitride 
formed body; 

the printing process which prints the resistance heating 
element paste containing the metal powder which has a higher 
melting point than the sintering temperature . of this 
silicon-nitride formed body on the surface face of this 
board-like silicon-nitride formed body; 

the process of producing the board-like silicon-nitride 
heater formed body by covering at least the front-face side of 
the above-mentioned board-like silicon-nitride formed body by 
the silicon-nitride forming material; and 

the sintering process which sinters this silicon-nitride 
heater formed body by hot pressing. 



5 



the method in characterized in that 

preparation of the above-mentioned board-like 
silicon-nitride formed body and the above-mentioned 
silicon-nitride forming material are carried out to contain 
two or more kinds of rare earth oxides chosen from the group 
which consists of Yb203, EraOa, Y2O3, Tm203, and LU2O3 in such a 
manner that: 

one kind of a rare earth oxide occupies 50-mol % to 95-mol % 
among the total additions of a rare earth oxide, another rare 
earth oxides occupy 50-mol % to 5-mol %; and 

the ratio of the molar quantity of a rare earth oxide to the 
molar quantity of SiOa / which is obtained by converting the amount 
of the oxygen (except for the oxidation introduced from a rare 
earth oxide) contained in the above-mentioned post- sintered 
silicon-nitride sintered compact into Si02, be set to 0.4 to 
1.3. 

The resistance heating element paste may be beforehand 
printed also in the inside of " board-like silicon-nitride formed 
body " and, in this case, the laminating of the resistance heating 
element is carried out to it after sintering. 
(Examples) 

The disk-like ceramic heater according to the examples 
of the present invention is explained first. 

Fig. 1 and Fig. 2 are a fragmentary sectional, view showing 
the silicon-nitride ceramic heaters 1 and 11, respectively. 

Fig. 4 and Fig. 5 are fracture plans showing the example 
of a resistance heating element pattern, respectively. 

In the present example, the film-like resistance heating 
element 3 which consists of a metal which has a higher melting 
point than the sintering temperature of this sintered compact 
2 is formed in the inside of the disk-like silicon-nitride 
sintered compact 2 by printing. At this time, as shown in Fig. 
1, it is possible to form the plural layers (in this example, 
three layers) of resistance heating element 3, and it is also 
possible to prepare one layer, as shown in Fig. 2. About the 
formation method of the resistance heating element 3, it is 
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men-tioned afterwards . The resistance heating element 3 is formed 
in a pattern as shown in Fig. 4 and Fig. 5. 

In the example shown in Fig. 4, end portion 3a of a film-like 
resistance heating element is extended toward a center section 
from the periphery section of the disk-like sintered compact 
2 to obtain an inner circumferential electrode 3b. Then, the 
central exothermic section 3c was prepared inside this inner 
circaamferential electrode 3b, the end of central exothermic 
section 3c was connected to connection part 3d, the circular 
periphery electrode 3e was set to range from connection part 
3d at the side of the periphery to the whole periphery portion 
of the heater. And, a plurality of circuit patterns having a 
sector configuration 3f, asawhole, is formed in the range between 
inner circumferential electrode 3b and periphery electrode 3e, 
so as to fill this range with a plurality of circuit patterns 
having a sector configuration 3f (in Fig. 4, in order to make 
it plain, the illustration of the pattern 3f was abbreviated 
partly) . Thereby, mainly, the inside of inner circumferential 
electrode 3b is heated by central exothermic section 3c, and 
the range between inner circiimf erential electrode 3b and 
periphery electrode 3e is heated by of a plurality of sector 
circuit patterns 3f . 

Also, as seen in the example. of Fig. 5 , plural sector circuit 
patterns 3g, as a whole, is also formed between inner 
circumferential electrode 3b and periphery electrode 3e , to fill 
the range in-between (the illustration of a part of pattern 3g 
is abbreviated) . 

Fig. 6 is sectional drawing showing the state where the 
ceramic heater was attached in heat CVD equipment . Here , in order 
to make it easy to see, the illustration abbreviation of the 
resistance heating element 3 has been carried out. 

In Fig. 6, the number 18 denotes the container which is 
used for CVD for semiconductor manufacture, and the number 1 
(or 11) denotes the disk-like ceramic heaters for wafer heating 
attached in the case 7 inside thereof, and the size of the wafer 
heating surface 6 is set to be 4 to 8 inches so as to be able 
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to install a wafer. 

The gas for thermal CVD is supplied to the inside of a 
container 18 from the gas feeding holes 16, then the air inside 
is discharged by the vacuum pump from a air suction pore 17. 
The disk-like ceramic heater 1 (11) can be heated to about 1100 
by supplying electric power from external source through the 
electrode member 20 at the center and an edge of the disk-like 
ceramic heater 1 (11) . 

The number 10 denotes a flange with water-cooled- jacket 
15 which is covering the upper surface of a case 7, the gap with 
the side walls of a container 18 is sealed by O ring 14, and 
thus constituting the ceiling of a container 18. 

The number 8 denotes the hollow sheath which penetrates 
the wall surface of the flange 10 of such a container 18, so 
as to be inserted into the inside of a container 18 , and is joined 
to the ceramic heater 1 (11) . 

The thermocouple 9 with a stainless steel sheath is 
intercalated in the inside of the hollow sheath 8. 

The O ring was formed between the hollow sheath 8 and the 
flange 10 of a container 18, and thus atmospheric invasion is 
prevented - 

The wafer heating surface 6 desirably has a smooth surf ace , 
and especially, when a wafer is directly set to the wafer heating 
surface 6, the flatness thereof needs to set to 500 /zm or less, 
so as to prevent invasion of the gas for deposition to the rear 
face of a wafer , 

According to the disk-like ceramic heater of the present 
example, the following effect can be shown. 

(1) Since the film-like resistance heating element 3 is 
formed in the inside of the disk-like silicon-nitride sintered 
compact 2, problems, such as contamination inside equipment and 
aggravation of the thermal efficiency in the case of an indirect 
heating method, can be solved. 

(2) Since the silicon-nitride sintered compact is used 
as a heater base, the corrosion resistance to a corrosive gas 
and the thermal shock resistance are high. Thus, even if repeated 
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heating and cooling is performed, crack does not occur in a base . 

(3) Since the film-like resistance heating element is 
formed by printing, it is easy to carry out a press forming, 
and a film-like resistance heating element cannot be easily 
distorted at the time of a press forming. Therefore, the same 
pattern can be formed without the variation by forming for every 
product, and the difference of a temperature distribution can 
be lessened. Moreover, since a pattern, is formed by printing, 
it is possible to form a much finer pattern compared with a spiral 
heating element. Furthermore, since a forced stress is not 
applied to a sintered compact 2 even if a film-like resistance 
heating element is also f ormednear the periphery of the disk-like 
sintered compact 2, a crack is hardly produced. 

And, since a resistance heating element is the film-like, 
even if heater thickness is made small and the heat capacity 
is lowered, the. press forming of a formed body can be performed 
easily. Therefore, the response to surface-temperature change 
of a heater is made quick, and the temperature rising rate of 
a heater can be made quick. 

It is desirable to set thickness of a sintered compact 
2 to 8mm or less, in this regard. 

(4) In recent years, a semiconductor is in a stream of 
integration, and a large-sized wafer is tend to be used in a 
semiconductor piroduction process, for example, adoption of a 
8 inch type wafer is considered for 16MDRAM, In order to form 
a fine pattern in such a semiconductor, equalization of film 
formation and prevention of a distortion of a wafer is important. 
In this respect, since the heater in this example is a 
resistance-heating type, it excels in temperature uniformity. 

(5) As shown in Fig. 1, when the plural layers film-like 
resistance heating element 3 is formed, the calorific power per 
one layer can be capped to be small. 

(6) If the metal which constitutes the film-like 
resistance heating element 3 is set to be tungsten andmolybdenum , 
the adhesion of the resistance heating element 3 to a sintered 
compact 2 is superior. 
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(7) Conventionally, there is a ceramic heater formed with 
the pattern of conductive ceramics, obtained by printing the 
paste of conductive ceramics inside an insulating ceramic formed 
body, and sintering this formed body. However, at such a heater, 
the phenomenon called so-called heat spot arose, and it became 
the cause of a heating element disconnection. 

In this point, even in the present example, if there is 
a pinhole 4 as shown in Fig. 3 for example, even if the resistance 
heating element 3 which consists of a high-melting point metal 
is formed, the heat spot section 5 having small cross-sectional 
area will be generated around a pinhole 4. Since the specific 
resistance of this portion is larger than periphery thereof, 
calorific power increases, and temperature rises. And thus, 
this portion leads to disconnection of the resistance heating 
element 3 by vicious circle that a specific resistance becomes 
further large by this temperature rise. 

However , if the plural circuit patterns 3f or 3g of a sector 
configuration are formed between periphery electrode 3e and inner 
circumferential electrode 3b as shown in Fig. 4, Fig. 5, a parallel 
connection is formed between periphery electrode 3e and inner 
circxamf erential electrode 3b. Thus, even if any one of 3g or 
3f is disconnected as mentioned above, otheir patterns st.ay normal, 
Therefore, even if either of 3f or 3g of circuit patterns is 
disconnected, a certain degree of temperature uniformity can 
be retained as a whole, therefore a heater can be used. 
In this meaning, the number of sector circuit patterns is 
desirably 30 or more. 

In each above-mentioned example, as for the configuration 
of a ceramic heater, the shape of a disk is desirable in order 
to heat a circular wafer uniformly. However, the shape of other 
configurations such as the square board, the hexagonal board 
and the like can be adopted. Moreover, these ceramic heaters 
are applicable also to the ceramic heater in plasma-etching 
equipment, optical etching equipment, and the like. 

As a silicon-nitride sintered compact, the 
silicon-nitride sintered compact which the present applicant 
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indicated in the Japanese Patent Application S 62 No. 29919 
specification (JP S 63-10067 A) has strength at a high temperature 
and large heat conductivity, and are thus especially desirable. 

Namely, this silicon-nitride sintered compact is formed 

by: 

forming the mixed powder of two or more kinds of the rare 
earth oxide of Y2O3, ErzOa, TmaOa , YbzOa, and LU2O3, and 
silicon-nitride raw material powder, wherein: any one kind of 
the selected rare earth oxides occupies less than 95-mol % among 
the total additions of a rare earth oxide; the ratios of the 
molar quantity of the whole added amount of the selected rare 
earth oxide to the molar quantity of SiOz, which is obtained 
by converting the amount of the oxygen (except for the oxidation 
introduced from a rare earth oxide) contained in the 
above-mentioned post-sintered silicon-nitride sintered compact 
into SiOa is 0.4 to 1.3; 

preferably pre-fire the formed body; 

then hot press sinter the formed body according to the 
present invention. 

In this silicon-nitride sintered compact, densif ication 
is promoted by mixing two or more kinds of the oxides of rare 
earth elements having a small cation radius (Er 2O3, Y2O3, .Tm203, 
Yb203, LU2O3) , desirably, by mixing Yb203 in the amount of 50- to 
95 mol % of the total added amount of the oxide of rare earth 
elements , more preferably , by mixing Y2O3 and Yb203 . Densif ication 
promotion effect is obtained even when rare earth elements having 
a large cation radius are used, however, the strength in an high 
temperature (1400"^) is not high . This is because characteristics 
of a crystal-grain-boundary phase having the apatite 
configuration containing rare earth elements having a large 
cation radius is different from that of rare earth elements having 
a small cation radius. The reason of limiting the amount of each 
one kind of the rare earth to be less than 95-mol % among the 
total additions of a rare earth oxide is that, out of this range, 
the liquid phase obtained by mixture of two kind does not present 
the characteristic of the fall of an eutectic point, improvement 
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in a wettability, and densif ication effect due to a viscous fall , 
so that densified silicon-nitride sintered compact cannot be 
obtained. In addition, regarding the addition amount, 
desirably, at least Yb203 is contained and the amount of YbaOa 
is 50 to 95-mol% of the total addition of a rare earth oxide, 
and still more desirable , Y2O3 and Yb203 being in a mole ratio 
of Y2O3/Yb2O3=50 /50 to 5/95. 

The reason why the ratios of the whole molar quantity of 
a rare earth oxide to the molar quantity of Si02 when converting 
the amount of the oxygen (except for the oxidation introduced 
from a rare earth oxide) into Si02 contained in the 
above-mentioned post-sintered silicon-nitride sintered compact 
are decided to be 0 . 4 to 1 . 3 is because, within this range, the 
grain-boundary liquid phase having densif ication effect is 
obtained and a grain-boundary phase can be substantially made 
into the crystal phase having an apatite configuration. When 
this ratio exceeds 1.3, the grain-boundary liquid phase with 
densified effect is not acquired, and a lot of Ln4Si207N2 (Ln: 
rare earth elements) is contained in a crystal phase. On the 
other hand, when a ratio is smaller than 0.4, although the 
grain-boundary liquid phase with densified effect is acquired, 
Ln2Si207 (Ln: rare earth elements) is contained in a crystal phase, 
and the sintered compact having high strength in high temperature 
is no longer obtained. 

In order to obtain a densified sintered compact having high 
strength at high temperature, at least the grain-boundary phase 
of a silicon-nitride grain needs to be substantially consist 
of a crystal phase, and at least 50% or more of a grain-boundary 
phase needs to be a crystal phase of an apatite configuration, 
and it is preferably desirable that, substantially, the whole 
crystal phase is of an apatite configuration. In addition, this 
mole ratio, still more desirably, be in a range of 0.5 to 1.2. 

The crystal phase of an apatite configuration means the 
same crystal structure as the crystal phase of the crystal of 
a hexagonal system with the chemical formula of Yio(Si04)6N2 
represented by JCPDS card 30-1462 . In the sintered compacts mixed 
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and added with two or more kinds of rare earth elements, the 
position at which Y ions occupy in the crystal of yio(Si04)6N2 
is replaced by rare earth elements, and even 2 or more kinds 
of the rare earth elements completely dissolve therein as solid. 
In some cases, O replaces the location of N and, to maintain 
electrical neutrality, the location of Y remains to be a hole. 

The amount of Si02 is obtained by the following steps: 
the amount of oxygen in a sintered compact is calculated by the 
chemical analysis in consideration of the amount of oxygen 
contained in silicon-nitride raw material powder, and the amount 
of oxygen introduced by oxidation of a silicon nitride during 
manufacture; then the amount of oxygen contained in a sintered 
compact which is derived from the additive of a rare earth oxide 
is deducted therefrom; and the rest oxygen is converted into 
the amount of Si02. Therefore, when silicon-nitride 
sintered-compact raw material powder with few amounts of oxygen , 
silicon-nitride raw material powder separately added with Si02, 
or pre-fired powder with increased amount of oxygen is used or 
when the amount of oxygen introduction is fluctuated by change 
of the preparing method, the addition amount of a rare earth 
oxide is arranged according to Si02 amount. Si02 amount is 
desirably 1 . 0 to 5 . 0 % by weight, in order to obtain the amount 
needed for the grain-boundary phase for densif ication . When total 
additions of a rare earth oxide is 1.0 % of the weight or less, 
the amount of liquid phase for densif ication is insufficient. 
Whereas, if it is 5,0 % of the weight or more, a grain-boundary 
phase becomes superfluous and strength at a high temperature 
falls significantly, at the same time, the amount of silicon 
nitrides is too small, and the strength property as 
silicon-nitride sintered-compact is lost. Subsequently, the 
manufacture procedure of the disk-like ceramic heater of Fig. 
1 is explained, referring to Figs. 7 to 9 . First, a sintering 
aid is added to silicon-nitride raw material powder. At this 
time, if a tungsten compound or a molybdenum compound is further 
added, effect of making a sintered compact black is obtained 
and desirable. As for a silicon-nitride raw material, the one 
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has large alpha-content is more desirable from the point of a 
degree of sintering. The amount of content of oxygen is desirably 
1 to 3 % by weight. Subsequently, these raw materials are mixed 
by atliter and the like in distilled water. Then, if needed, 
a deferrization and sieving are performed, the binder for 
granulation is added to mixed powder, and granulation powder 
is produced. Subsequently, this granulation powder is through 
particle arranging process , moisture-adjustment process , 
sieving process, based on the necessity, and then left as it 
is. 

Thereafter, it is desirable to adopt either of two kinds 
of processes shown below. 

(a) As shown in Fig. 7, the formed body is manufactured by press 
forming the granulation powder which is a silicon-nitride forming 
material. The formed body 21 is pre-fired at 400 to 800 ""C 
preferably, to obtain strength. Then, the paste containing the 
metal which has a higher melting point than the sintering 
temperature of a silicon-nitride sintered compact is printed 
to the surface of the formed body after pre-fired to form the 
resistance heating element paste layer 23 thereon. And the 
granulation powder is further filled on the formed body 21, and 
then press forming is conducted. Then, the resistance heating 
element paste layer 23 is again further printed on the formed 
body. Then, the granulation powder is further filled therein 
to conduct press forming, to obtain the disk-like silicon-nitride 
formed body 24 , as shown in Fig. 8 . Further, a resistance heating 
element paste layer 23 is formed on the surf ace 24a of the disk-like 
silicon-nitride formed body 24. 

Successively, the surface 24a of the disk-like 
silicon-nitride formed body 24 is covered with granuation powder 
of a silicon-nitride forming materia:i, and. then press forming 
is conducted to obtain disk-like silicon-nitride heater formed 
body 25 as shown in Fig. 9. 

Finally, this fcrmed body 25 is preferably pre-fired at 
the temperature of 400 to 800 "C, and, subsequently hot-press 
sintering is carried out at the temperature of 1700 to 2100 t:. 
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This is because: at the pre-firing temperature of 400 "C 
or less, an organic substance does not fully decompose, in the 
range exceeding 2100 on the other hand, a silicon nitride 
decomposes, a pore increases in the inside of a sintered compact 
and densif ication is inadequate, 

(b) As shown in Fig. 7, formed body 21 is formed by carrying 
out sheet f ojrmation of the granulation powder , and the resistance 
heating element paste 23 is printed on surface 21a of the formed 
body. Subsequently, by method as mentioned above, as shown in 
Fig. 9, the resistance heating element paste 23 is laminated 
to obtain disk-like silicon-nitride heater formed body 25, then, 
the obtained disk-like silicon-nitride heater formed body 25 
is pre-fired as mentioned above, and then, hot-press sintering 
is carried out. 

Moreover, in the example of Figs. 7 to 9 , although three 
layers of resistance. heating element paste layers 23 were formed 
in Fig. 7, the heater 11 of Fig. 2 can be produced by conducting 
press forming the disk-like silicon-nitride formed body 21 while 
covering the surface 21a thereof with the granulation powder 
to obtain the disk-like silicon-nitride heater formed body and 
then subjecting this to pre-firing and hot press sintering. 

Subsequently, the examples of experiments are described 
still more concretely. The heater of Fig. 1 was manufactured 
according to the method of the above (b) . 

The resistance heating element paste layer 23 was foirmed 
by screen-printing, and the layer is made to have a width of 
500 At m and a thickness of 30 //m. Moreover, the dimension of a 
disk-like ceramic heater was made into 5mm in thickness and 200mm 
of diameters. Moreover, pre-firing temperature for dispersing 
a binder was set at 450 , and the pressure at the time of hot-press 
sintering was made into 200 atm(s) and the sintering temperature 
at the time of hot-press sintering was made into 1850 °C . 
Composition of a resistance heating element paste was as follows . 

As composition of a resistance heating element paste, the 
paste consist of: Tungsten powder of 70 percentages by weight; 
Mo powder of 5 percentages by weight; The ethyl cellulose of 
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25 percentages by weight which is melted with a butyl acetate 
carbitol was used . As the silicon nitride , the following is used . 
1.32 wt(s)% of Y2O3 and 5.37wt (s)% of Yb 2O3 are added to 93.31wt% 
of Silicon-nitride powder having: specific surface area 15m^/g; 
amount of oxygen 1.5wt%; and 96% of alpha-ratio. 

In this way, each following experiment was conducted about 
the obtained heater 1 . 

As a pattern of a resistance heating element, the one shown 
in Fig. 4 was adopted. 

(Temperature rising rate) 

The electricity of 25V was applied to the heater , and time 
required for the temperature rise to reach each of the following 
temperature from a room temperature was measured. 

Room temperature -> 400 , 7 second 

Room temperature -> 600 X^, 12 second 

Room temperature -> 800 18 second 

Room- temperature -> 1000 X 25 seconds 

(Temperature distribution) 

At the time of heating at 600 X to 1000 ^C, the temperature 
distribution was measured with the infrared radiation 
thermometer on the whole surface of the wafer heating surface 
having 200mm of diameters, it was ±1 X . 

Moreover, at the time it is heated at 400 X to 600 X , 
the temperature distribution was ±1.4 "C. 

(Response to pressure fluctuation) 

First, the wafer heating surface was heated to 600 "C, 
then nitrogen gas was introduced into the container in Fig. 6, 
and the pressure in a container was changed from 10"^ torr to 
100 torr. And the temperature of a wafer heating surface took 
1 second for recovering to 600 *C ±3 "C, and took 4 seconds for 
recovering to 600 *C ±1 *C 
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Comparative Example 

The stainless steel heater having 150mm of diameters and a 
thickness of 15mm wherein the nichrome-wire resistance heating 
element in the shape of a coil was embedded was used, and each 
of the above mentioned test result was performed. 
(Temperature rising rate) 

The electricity of 200V was applied to the heater, and 
time required for the temperature rise to reach each of the 
following temperature from a room temperature was measured. 
Room temperature -> 400 °C 24 second 
Room temperature ~> 600 *C 39 second 
Room temperature -> 800 "C 93 second 
Room temperature ~> 1000 °C 

A temperature rise is not realized even after 3 minutes or more. 

(Temperature distribution) 

At the time of heating at 400 *C to 600 , the temperature 
distribution was measured with the infrared radiation 
thermometer on the whole surface of the wafer heating surface 
having 150mm of diameters, it was ±2.5 *C 

Moreover, at the time it is heated at 650 to 700 , the 
temperature distribution was ±3 "C. 

Moreover, at the time it is heated at 750 *C to 800 "C, the 
temperature distribution was ±4 *C 

(Response to pressure fluctuation) 

First, the wafer heating surface was heated to 600 , 
nitrogen gas was introduced into the container in Fig, 6, and 
the pressure in a container was changed from 10"*^ torr to 100 
torr. And, the temperature of a wafer heating surface took 20 
seconds for recovering to 600 ±3 "C. 

(Effect of the present invention) 

According to the disk-like ceramic heater, and the 
manuf acturingmethod thereof , according to the present invention , 
since resistance heating element is formed in the inside of the 
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disk-like silicon-nitride sintered compact, problems such as: 
contamination inside equipment in the case of the conventional 
stainless heater; and aggravation of the thermal efficiency in 
the case of an indirect heating method, are not generated. 

Also, since the silicon-nitride sintered compact is used 
as a heater base, the corrosion resistance and the thermal shock 
reisistance are high. 

Further, since the film-like resistance heating element 
is formed by printing, it is easy to form, and compared to the 
case of the resistance heating element in the coil pattern, a 
film-like resistance heating element cannot be easily distorted 
at the time of formation, it is possible to form a much finer 
pattern. Also, even if a film-like resistance heating element 
is formed near the peripheral portion of the disk-like sintered 
compact, a forced stress is not applied to the portion. Thus, 
the press forming of a formed body can be performed easily, so, 
sintered compact can be made small and the heat capacity can 
be lowered. Therefore, the response to surface-temperature 
change of a heater, can be made quick, and the temperature rising 
rate of a heater can be made quick. 

Moreover , since a heater base consists of a silicon-nitride 
sintered compact having large strength at a high temperature 
and a film-like resistance heating element consists of a metal 
which has higher melting point than the sintering temperature 
of this sintered compact , it can be stably used at high temperature , 
when compared with, for example, the conventional stainless steel 
heater and the like. 

Further, in the disc-like silicon-nitride formed body and 
silicon-nitride formed body material , two or more kinds of rare 
earth oxides chosen from the group which consists of Yb 2O3, 
EraOa, Y2O3, Tm203, and LU2O3 is contained in such a manner that: 
one kind of the rare earth oxides occupies 50-mol % to 
95-mol % among the total additions of a rare earth oxide; 

another kind of the rare earth oxides occupies 50-mol % 
to 95-mol % among the total additions of a rare earth oxide; 
and 
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the ratios of the molar quantity of a rare earth oxide 
to the molar quantity of 5102, which is obtained by converting 
the amount of the oxygen (except for the oxidation introduced 
from a rare earth oxide) contained in the above-mentioned post- 
sintered silicon-nitride sintered compact into SLO2, be 0 . 4 to 
1-3. Thus, the densif ication of the silicon-nitride sintered 
compact is promoted and heat is easy to conduct from film-like 
resistance heating element to the base body. Thus , temperature 
uniformity on the heating face of the heater is improved, and 
heater as a whole has a superior temperature uniformity and 
suitable for the long time use. 

[Brief Description of the Drawings] 
Fig. 1, Fig. 2 are the fragmentary sectional view showing the 
disk-like ceramic heater which according to the example of the 
present invention, respectively. 

Fig. 3 is sectional drawing for explaining a heat spot. 
Fig. 4 and Fig. 5 are the fracture plan showing the formation 
pattern of a film-like resistance heating element , respectively . 
Fig . 6 is a sectional view showing the state in which the disk-like 
ceramic heater is attached in CVD equipment. 

Fig. 7, Fig. 8, and Fig. 9 are sectional drawings for explaining 
the production process of a disk-like ceramic heater. 
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disk-like ceramic heater 


2 . . 


disk-like silicon-nitride sintered compact 


3 . . 


film-like resistance heating element 


3b . . 


inner circumferential electrode. 


3e .... 


Periphery electrode 


3f , 3g . . 


the pattern of a sector configuration as a whole 


5 . . 


heat pot section. 


6 .... 


wafer heating surface 


18 . . 


container 


21 . . 


formed body by sheet building or the press forming 


23 . . 


resistance heating element paste layer 


24 . . 


disk-like silicon-nitride formed body 


24a . . 


surface face of a disk-like silicon-nitride formed 
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body 

25 - . disk-like silicon-nitride heater formed body 

Translation in the Figure 

In Fig. 6, left-lower corner: blower, vacuum pump 
In Fig. 6, right-lower corner: gas 
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